Background: A right aortic arch is a congenital vascular anomaly that is present in up to 0.1% of pregnancies. The anomaly observed by fetal ultrasonography was recently reported to indicate vascular and chromosomal abnormalities that may complicate postnatal management. Case presentation: We report the successful resection of a Kommerell's diverticulum with left subclavian artery transfer to the left carotid artery in a 5-month-old Japanese boy. The patient was prenatally diagnosed as having a right aortic arch, and a vascular ring was confirmed at 4 months of age with enhanced computed tomography. The pathology of the resected aortic wall revealed severe disruption and fragmentation of elastic fibers associated with a disarray of smooth muscle cells in the tunica media, and cystic medial necrosis with mucoid extracellular matrix deposition. Conclusion: These abnormal pathological findings supported the resection of Kommerell's diverticulum at this point of time, and division of the ligamentum arteriosus alone was not recommended. Early intervention in this condition once the diagnosis is made may thus be advocated. The fetal diagnosis of a right aortic arch may provide a clue to the possibility of a vascular ring.
Background
Right aortic arch (RAA) is a congenital vascular anomaly that is present in up to 0.1% of pregnancies. A RAA observed by fetal ultrasonography was recently reported to indicate vascular and chromosomal abnormalities that may complicate postnatal management [1] . We treated an infant with a symptomatic vascular ring who was diagnosed prenatally as having an RAA. Here, we review the patient's clinical course and the surgical procedures.
Case presentation
A 4-month-old Japanese boy was referred to our institute for stridor that had been present since he was 2 months of age. Prenatal ultrasonography had revealed an RAA but no structural heart disease ( Fig. 1) . He was born at 38 weeks with a birth weight of 3066 g. At 2 months of age, he suffered from bronchitis and was admitted to the hospital; since then, he had shown stridor. A fiber laryngoscopy examination revealed no findings of congenital laryngeal stridor.
Computed tomography (CT) revealed an RAA, a retroesophageal left subclavian artery (LSCA), and Kommerell's diverticulum (KD) leading to tracheal compression ( Fig. 1 ). No intracardiac anomaly was detected by transthoracic echocardiography. Vascular ring repair was performed when the patient was 5 months old.
Under general anesthesia, bronchoscopy showed pulsatile compression from the right and left sides of the distal trachea. With the patient in a right lateral decubitus position, a muscle-sparing thoracotomy was performed. The chest was entered through the third intercostal space. The ligamentum arteriosum was divided. The 12-mm-diameter KD was resected, and the ostium on the descending aorta was closed with a running suture in two layers under the aortic partial clamp.
The LSCA was transected at its origin from the KD and was anastomosed to the left carotid artery.
Once the left carotid artery was cross-clamped, the regional oxygen saturation in the left cerebral hemisphere was~20% lower than that on the right side, and the lowest value was~40%. Hypoventilation with highconcentration oxygen was then applied to achieve hypercapnia during the LSCA anastomosis. At the end of the surgery, bronchoscopy revealed that the pulsatile compression of the distal trachea had disappeared.
Postoperative CT demonstrated the release of tracheal compression (Fig. 2 ). The patient was discharged 12 days after the operation, with no complications. At 1 year after the operation, the patient was asymptomatic, and no right-left difference in the blood pressure of the upper extremities was detected.
The pathological examination of the resected KD revealed a marked difference in the arterial wall thickness between the aortic side and the distal side, severe disruption and fragmentation of elastic fibers associated with a disarray of smooth muscle cells in the tunica media, and cystic medial necrosis with mucoid extracellular matrix deposition ( Fig. 3 ).
Discussion
An aberrant LSCA arising from an RAA is present in approx. 0.05-0.10% of the population [2] . A retroesophageal LSCA with a left ligamentum arteriosum is called a true vascular ring [3] . An aneurysm-like change is often detected at the base of the aberrant LSCA from the RAA. This change was first described by Burckhard Kommerell in 1936 [4] as a KD, which is a remnant of the distal fourth aortic arch and a cause of tracheal and esophageal compression [3] symptoms such as dysphagia, shortness of breath, and chest pain.
There are two types of surgery for a vascular ring in RAA with aberrant LSCA. One is the division of the ligamentum arteriosus, resection of the KD, and LSCA transfer to the left carotid artery; these were performed in our patient's case. The other type of surgery is merely dividing the ligamentum arteriosus with arteriopexy [5] . If arteriopexy is not performed in this method, recurrent tracheal compression may occur because of the large size of the KD.
The abnormal pathological findings of the resected aortic wall of our patient's KD supported the resection of the KD itself. A concern was the right-left difference in the patient's cerebral regional oxygen saturation during the LSCA anastomosis to the left carotid artery; however, no neurological symptoms have been detected up to the present. Moreover, patients who have undergone merely a division of the ligamentum arteriosus tend to have postoperative respiratory complications. Shinkawa et al. noted three of eight patients with only a division of the ligamentum arteriosus had mild asthma-like respiratory symptoms and received albuterol aerosol or oral antiinflammatory medication; however, all 10 of their patients with a primary translocation of an aberrant LSCA with diverticulum removal and ligamentum division remained free from residual symptoms or medications [6] .
Interventions for a KD are a recent focus of discussion in adult cardiovascular surgery. Various procedures have been reported to treat a KD, including graft replacement of the descending aorta with the in situ reconstruction of the aberrant SCA, graft replacement of the descending aorta with a bypass to the aberrant SCA, and total arch replacement. The overall early mortality was 5.3% in elective cases [7] . Endovascular repair cannot attenuate the compressive symptoms caused by a vascular ring formation; in addition, the long-term results are still unknown [8] . Compared to vascular ring repair in infancy, the mortality of which was 0% in Japan from 2014 to 2016 [9] [10] [11] , interventions for a KD in adulthood are much more complicated and high-risk procedures. From this point of view, the resection of a KD should be performed during infancy.
Regarding the fetal diagnosis of an RAA, the RAA of many patients is accompanied by a vascular ring after birth [12] . Vigneswaran et al. stated that pulsatile tracheal compression was identified under bronchoscopy in 94% of neonates with a prenatally diagnosed RAA and left patent ductus arteriosus, and the surgical relief of a vascular ring was needed in 79% of these cases at the median age of 15 months [13] . A radiological evaluation should be performed with enhanced CT as expeditiously as practicable. The compressive symptoms are mild in most cases, and surgery can be postponed until the patients become symptomatic. However, once the patient shows a compressive symptom such as stridor, the patient should undergo the division of the vascular ring soon, because it was reported that the early repair of a vascular ring might allow for normal development of the trachea and less postoperative respiratory complications (especially respiratory infections) [13] . In present case, his fetal diagnosis of RAA and stridor in his infancy leaded to CT imaging and surgical intervention at an appropriate time.
Continuous follow-up imaging such as CT is necessary in cases of KD. Aortic aneurysm [14] or aortic dissection [15] may develop, because mucoid medial degeneration with cystic necrosis has been observed in the internal part of a KD [16] . In the present case, we identified an anomaly by pathological examination at the edge of the resected tissue, and it is thus possible that adverse aortic events may occur in the future.
The pathological examination in our patient's case revealed that the KD had a disarray of smooth muscle cells and a difference in the arterial wall thickness. This case can contribute to the elucidation of the process of the formation of a KD.
To date, this anomaly has been diagnosed after the development of tracheal and esophageal compression symptoms. The increasing use of prenatal ultrasonography will enable the diagnosis of an anomaly of aortic arch and branch vessels before the development of compression symptoms, and as a result, a greater number of surgeries will be performed to eliminate the risk of adverse aortic events. We do not have any data regarding the relationship between the size of a diverticulum and the risk of adverse aortic events; however, we suggest that asymptomatic patients with a small diverticulum should undergo thorough follow-up examinations, including CT.
Conclusion
A 5-month-old boy with the prenatal diagnosis of a RAA had a vascular ring composed of a RAA, an aberrant LSCA, left-side ligamentum arteriosus, and a main pulmonary artery. He underwent the division of the leftside ligamentum arteriosus, resection of the KD, and the transfer of the LSCA to the left carotid artery. His tracheal compression symptom disappeared after the surgery. Pathology revealed abnormal findings on the resected aortic wall, and this supported the concomitant resection of the KD. 
